Introduction and Aim of the Paper
In the first decades of the twentieth century, an evident reduction of the infant mortality rate occurred in Italy. Previous studies already demonstrated the existence of significant variations at a regional level, showing the importance of geographical and environmental factors. Since these studies were mainly based on macro aggregated data, less attention has been devoted to the effects of individual bio-demographic and socioeconomic components on infant mortality. However to improve the knowledge of the infant mortality decline in Italy, we need to compare the roles of the bio-demographic and socioeconomic characteristics. How were these components related to the infant mortality decline? To answer this question, our analysis adopts a micro analytical approach taking into account individual data and using multivariate statistical methods.
Several studies on both historical and contemporary populations already showed the significant influence of the bio-demographic and physiological factors. According to these findings, infant mortality risks could be related to male neonates, multiple births and very young or old mothers. Besides that, in the developing countries, evidences for the maternal depletion hypothesis were also provided, registering higher risks of infant mortality for higher parities and shorter intervals between consecutive births 1 . The effects of environmental and climatic factors such as the season of birth were also assessed. By using micro data and studying Italian communities in nineteenth century, higher risks of infant deaths were observed for the poorest sectors of the rural population. However, less attention has been provided to the first half of the twentieth century that was a period of strong social and economic transformations in both the rural and urban areas. Therefore, we aim to investigate and compare the roles of bio-demographic and socio-economic determinants of infant mortality in the first decades of the twentieth century.
So we use micro data from births, deaths and marriages civil registers, to study infant mortality at the individual level in Granarolo, an Italian rural municipality close to Bologna, from 1900 to 1939. By using the traditional method of family reconstitution, we are able to take into account the typical bio-demographic characteristics and the socio-economic status of the parents of each neonate. In these terms, the analysis includes: sex of the newborns, multiple births, age of the mother, previous birth interval and survivor of the last child, father's occupations and literacy, season and year of birth. Kaplan Meier curved and generalized linear models are used to estimate the effects of the selected predictors on infant mortality.
In the next section of this paper, we briefly compare the historical trends in infant mortality in Italy and European countries. Then we present the area under study, focusing on the socio-economic context and the infant mortality levels. After having described the source and the data used, the statistical methods and the multivariate statistical models are presented, listing the covariates and discussing their expected effects. Finally, we present and discuss the empirical results.
Historical Trends in Infant Mortality in Italy and European Countries
Trends in infant mortality in Europe between 1860 and 1940 underline dramatic differences among countries, both in the initial level of the rate and in decreasing trends (Figure 1 ). During the second half of the nineteenth century Italy showed a higher level of infant mortality with respect to other countries of northern and western Europe. The rates fluctuated from 125-150 deaths before the first birthday in Sweden to [225] [226] [227] [228] [229] [230] Trends in infant mortality immediately after National Unification -as in general for total mortality -reflect the Italian delay in the processes of socioeconomic development in life conditions of the population and the persistence of mass marginalization 3 . In the last years of the nineteenth century the Italian level of infant mortality approached the levels of France and England: around 170 per 1,000 live births versus 150 and 160 4 . The decline in infant mortality from the beginning of the twentieth century (around 1900) seems to be a universal phenomenon in Europe. For Italy also a decreasing trend became more and more marked and faster than in other European countries, with the exception of the period including the World War I and the Spanish influenza in 1919.
2. Brian R. Mitchell, European Historical Statistics 1750 -1970 (London: McMillan Press, 1975 The long term decrease of these series suggests that it could be correlated with the improvements in the socio-economic environment as well as with new measures realized in the health sector 5 . During the nineteenth century Italy registered a new interest towards life conditions of the proletarian classes. Inside this new interest emerged also a rise in the attention towards early childhood health problems, in particular among pediatricians. The debate on poverty and pauperism developed in Italy from the nineteenth century underlined, amongst an extensive assortment of problems, the worse conditions of motherhood and childhood. It emerged the need of public care interventions, including the protection of child health and surviving.
The Analyzed Area
The Socio-Economic Context Granarolo is a rural municipality situated in the northern part of the suburban hinterland of Bologna. The area of Bologna lies on the Po River valley, and is crossed by the main transportation routes between the south and the north of Italy. This position made Bologna an important center of commerce and manufacturing activities, thus influencing the economy of the surrounding area.
During the period under analysis, Granarolo was mostly populated by two main socio-economic groups: farmers, small landowners and sharecroppers, and agricultural wage laborers.
Sharecroppers lived in a large complex-family household. All household members worked on the farm, including women and children who, beyond being in charge with household activities, worked in fields, generally dealing with the less demanding tasks. Sharecroppers' households were characterized by high levels of self-sufficiency, guaranteed by their properties or by their sharecropping contracts. Moreover, a better access to familial networks, offering material and emotional support, as well as practical information during critical life moments, guaranteed assistance and security for all family members 6 . The wage labors households, instead, lived in nuclear, isolated families, facing severe housing conditions. Both men and women served as wage laborers. With low wages and an uncertain number of workdays during the year, they lived precariously, rarely well-nourished and always exposed to the risk of illness that often reduced them to penury 7 .
5. Franco Della Peruta, "Infanzia e famiglia nella prima metà dell 'Ottocento," Studi Storici 20, no 3 (1979): 473-491. 6. Maura Palazzi, "Famiglia, lavoro e proprietà: le donne nella società contadina fra continuità e trasformazione" [Family, labor and property: women From the beginning of the Twentieth century, the traditional sharecropping economy steadily reduced due to the development of large-scale, capitalistic agriculture that made the daily wagers' conditions more unstable and precarious 8 . In the same period, the area was progressively transformed by important socio-economic processes, such as urbanization and the first phases of industrialization. Sharecroppers' households reacted to those changes creating an economic system in which farming was combined with work in the industrial sector 9 . However, despite the substantial socio-economic and political transformations, the proportion of sharecroppers living in the rural area of Bologna did not significantly decrease and remained quite stable 10 .
Infant Mortality Trends
During the first half of the twentieth century, Emilia-Romagna experienced progressive improvements in survivor conditions: life expectancy at birth for both genders grew from 43 years in 1901 to 68 years in 1951, while infant mortality steadily declined above all because of the reduction in neonatal mortality 11 . Infant mortality decreased in the region going from about 170‰ in 1901-1910 to about 81‰ in the 1930s. In the same period the neonatal mortality rate declined from about 78‰ to about 42‰
12 . Infant mortality rates were lower in the province of Bologna with respect to those registered in the whole Emilia-Romagna region. They fluctuated from 230-270‰ in the last decades of the nineteenth century, to 84‰ in most of the 1930s. Differences were due to better geographic-environmental conditions in the early nineteenth century 14 . The first Italian chair in obstetrics was instituted in 1804 at the University of Bologna; obstetric-gynaecological clinics were established in 1860 in two hospitals (Ospedale Sant'Orsola and Ospizio Esposti), that promoted the reduction of stillbirths and perinatal risk 15 , and brought to the diffusion of better knowledge on maternal practices such as breastfeeding and weaning. Historical sources referred to the nineteenth century record the attention of hospital pediatricians towards rural children's health and the presence of midwives in the area under analysis. During the period under study from 1900 to 1939, the infant mortality rate in Granarolo was equal to 96.8%, a lower level than both regional and national averages. The rising interest towards maternal and child health, together with better housing conditions could have protected rural women and newborn health, thus contributing to lower children early mortality.
Data and Methods

Municipality Sources and Family Reconstruction
Data used for the analysis are the result of a retrospective reconstruction process, focusing on newborns in families and their survival history, during the first year of life. The main data sources used for the individual biographies and family reconstitution 16 have been the civil status registers available in the demographic office of the municipality of Granarolo. They report, in different volumes created on an annual base, births, marriages and deaths occurred in the municipality, since 1866 till nowadays.
Specifically, the birth registers include the name and surname of the newborn, date and place of birth, sex, parents' name and occupation, type of delivery (single or multiple births) and legitimacy status. A useful source of information in the birth registers are the hand written marginal annotations reporting, beside the birth details, information on stillbirths and immediate neonatal death after childbirth (not reported in the death register). In all these cases, a note is observed, reporting that the newborn was not alive at the moment of the registration, without specifying whether he or she was stillbirth Press, 1988) or live-born, as in other Italian municipalities 17 . The procedure of marginal annotations was not systematically performed but provides -when presentimportant additional information on perinatal deaths 18 . The signature of the father at the end of the birth registration, made the deduction of both its presence and literacy also possible.
Marriage registers inform on the date of marriage, spouses' name and surname, their age, place of birth and place of residence, names of each spouse parents. Death registers collect information on date of death, name and surname, place of birth and residence, parents' name and surname.
The absence of the individual's date of birth in the death registers made the record linkage between birth and death registers necessary, on the basis of both the individual's name and surname and the name and surname of the parents, in order to compute the newborn age at death.
The obtained dataset has subsequently been linked to the marriages register for obtaining information on parity, mother's age at childbirth, and sibling birth interval. This approach allowed collecting information on single individuals and on their family features. This additional information made possible to consider, for each individual, which familial variables may have had some effect on his/her survival. At the end, this analysis takes into account 4,826 live births and 467 infant deaths within 365 days of life.
Survival Models
Kaplan-Meier non-parametric estimates of the survival function S(t), that describe the probability of survival past time (age, in days) t, were computed to estimate time-to-event for the available data 19 . A number of patterns of survival rates over time were displayed as survival curves and log-rank tests were used to test the null hypothesis of no difference between survival functions across groups 20 . To assess the effect of the observed factors on infant mortality, a Cox Proportional (CP) hazard model was estimated 21 :
or, linearizing by taking the logarithm: where -is the hazard rate of death for an infant i at duration (age) t; -is the baseline hazard at duration t, that is, the hazard function for an infant having the value 0 on all covariates; -is the K-dimensional vector of the individual covariates in the model; -is the K-dimensional vector of parameters to be estimated from the data.
To better control for infant age, a Piecewise-constant Exponential (PCE) hazard model 22 was also used, that is a proportional hazards model with constant baseline hazards within pre-specified time intervals. It assumes that:
-n individuals are observed over a time period divided into J intervals, with cutpoints 0 = τ 0 < τ 1 < . . . < τ J < ∞; -the baseline hazard is constant within each interval j, for j = 1, 2, …, J: in symbols, > 0 for t in , .
As it is easy to realize, these constant time period-specific hazard rates, instead of the whole-range rates of the Cox model, are equivalent to having time period specific intercept terms in the overall hazard. Introducing the vector of predictors , the hazard rate for the ith subject in the jth interval is or, taking the logarithm of both sides:
where gives the constant log hazard within time interval j for the baseline group.
It is worth noting that the PCE model, that can be shown to be equivalent to a Poisson regression model, is a semi-parametric continuous time duration model: the shape of the hazard rate is not specified a priori but is determined by the data.
All statistical analyses were performed using Stata 12 (College Station, TX: StataCorp LP). 
Variables
To assess the main determinants that influence the probability of infant mortality in Granarolo, the models include the child's individual and biological variables, behavioral and socio-economic characteristics of the child's parents.
For the newborn we consider sex, single or multiple deliveries, birth interval, season of birth. In both historical and current developing populations, biological factors induce higher mortality risks for male infants during the first year of life 23 . Multiple births -inducing lower birth-weight -are strongly negatively related with infant survival 24 . Also short preceding birth intervalsaccording to the maternal depletion hypothesis -have been found to increase the risk of infant mortality 25 . Moreover, our previous results showed that winter born children had the greatest risk of infant mortality 26 We assume the mother's occupation as a proxy of the women's conditions during pregnancy. Moreover, the father's occupation synthesizes the socioeconomic status of the newborns' household, expecting a close connection with infant mortality 29 . The categorical variable "father presence at birth's registration and his ability to sign the document" further specifies the father's social status.
Finally, we also include five different decades of birth, to capture the changes in mortality over time. 
Results
Kaplan Meier survival curves are displayed (Figure 2 ) by socio-economic status, mother's rural status, period and season, respectively. It is possible to see that the children of daily wagers register lower survival levels from their early days of life. Their Kaplan Meier curve declines more evidently after the first neonatal period, whereas the well-off group is constantly on higher levels. The survivor functions of the other socio-economic categories ("Skilled and lower skilled workers", "Farmers and Sharecroppers" and "Unknown") remain on very similar levels. One year (365 days) after childbirth, the rural daily wager's neonates have a 0.87 survivor probability, whereas the upper class registers a higher level (0.94). The log-rank test in table 2 confirmed the statistical significance of these differences.
It is also possible to see the effects of further socio-economic differences taking into account the working sector of the mother (rural or not rural one). Considering the Kaplan Meier curves (figure 2), the neonates of rural working mothers always register lower survivor probability than the other group. The statistical significance of this difference is also assessed by the means of the log-rank test (table 2) . Taking into account the survivor estimates by period of birth, as expected, the neonates born in the first period from 1900 to 1909 have the lowest survivor level, whereas the newborns in the most recent decade 1930-1939 register higher survivor probabilities (see also the log-rank test at table 2). The World War I does not seem to have any impact on the infant mortality, since the survivor curves for the two periods 1910-1914 and 1915-1919 appear on very similar levels. Looking at the Kaplan Meier curves by season (figure 2) it is also evident that the neonates born during the winter experienced the lowest levels of survivorship during the entire neonatal and infant period, whereas the neonates born in springtime and autumn were characterized by higher values. These differences are also statistically significant (table 2) . Newborns in summer were on intermediate levels. These neonates probably suffered because their rural mothers were involved in the harvest carrying out heavy physical works. At 180 days after childbirth, less than 90% of the newborns in winter are still alive, while the survivor proportion for neonates in summer and autumn is about 94%. After the first year of their life (365 days), only the 87% of the winter's neonates are alive, whereas this estimate is between 91 and 92% for the other seasons.
Tabel 2. Log-Rank Test for Equality of Survivor Functions
Estimates of Cox models are presented for the period 1900-1939 and the two subperiods 1900-1919 and 1920-1939 in table 3 . Looking at these estimates for the period from 1900 to 1939, bio-demographic effects like multiple births, sex and maternal age are statistically significant. These effects also appear in the expected directions, with lower risks of infant mortality for female neonates and higher ones for twins and older maternal age. Because of the limited number of cases, only multiple births register fully significant effects for both periods 1900-1919 and 1920-1939 , whereas maternal age and sex of newborn assumes a statistical significance respectively for the first period and the latter one. Considering the 1920-1939 period, a higher risk of infant death is registered for previous birth interval shorter than 19 months with the last child dead.
The seasons have also significant effects on infant mortality. Looking at the model estimates for the entire 1900-1939 period, we can observe lower risks of death during the spring, summer and autumn compare to winter. The effect of spring is not significant for the first period (1900) (1901) (1902) (1903) (1904) (1905) (1906) (1907) (1908) (1909) (1910) (1911) (1912) (1913) (1914) (1915) (1916) (1917) (1918) (1919) , whereas summer has no significance for the latter interval (1920) (1921) (1922) (1923) (1924) (1925) (1926) (1927) (1928) (1929) (1930) (1931) (1932) (1933) (1934) (1935) (1936) (1937) (1938) (1939) .
With respect to the socio-economic status of the father, well off and higher status group has a 45 per cent lower probability of infant mortality than rural daily wagers (table 3, model for the period from 1900 to 1939). It is likely that we could rely on better infant care and childrearing in the first life. No significant effect results for the father's literacy, whereas the "father not present" category significantly increases the infant mortality risk. In these terms, the presence of the father could make some differences during the infants' life. Considering the period effects (still table 3), the two decades after World War I show a significant decline in infant mortality risks. Turning to the piecewise constant exponential model (table 4) , the estimates consider the total period 1900-1939 and the two sub-periods (1900-1919 and 1920-1939) again. These models consider the same covariates already included in the Cox regression analysis. In addition these models also control the infant age by means of a categorical variable (0-6 days of life, 7-30, 31-180 and 181-365). The piecewise constant exponential analysis confirms the results of the Cox model, since the magnitude of the effects and their statistical significances appear on the same levels. Looking at the effects of the infant age, the risk of death is highest in the first week of life for all the three estimated models. Furthermore, the mortality risks decline evidently in the following ages, showing a progressive reduction respect to the first week of life (the reference category): -84% between 7 and 30 days, -96% between 31 and 180 and -98% between 181 and 365 (see the model for the period from 1900 to 1939 at table 4). 
Conclusion
In this preliminary analysis, we explored the determinants of infant mortality during the first decades of the twentieth century using micro individual data and survivor modelling techniques. As a matter of fact, the scholar attention in Italy mainly focused on the nineteenth century and macro analysis, whereas a few studies considered the first decades of the twentieth century and used micro individual data. From this point of view, we believe that some regional and territorial variations in infant mortality could be better explained by using a micro level approach. So we focused on the period from 1900 to 1939 taking into account Granarolo, a rural village set very close the town of Bologna. Two main rural groups used to live in this community: the sharecroppers that could rely on a more stable agrarian contract and the daily wagers that lived in poorer and more precarious conditions. As previous historical studies already showed, from the early decades of the nineteenth century, this area was characterized by lower infant mortality levels, given the better environmental conditions and the progresses in the obstetrical cares.
After a longitudinal reconstruction of the infant biographies, several biological, demographic and socio-economic factors were assessed by means of Kaplan Meier estimates, Cox and the piecewise constant exponential models. We used Kaplan Meier curves and log rank tests as a preliminary descriptive approach. This explorative analysis demonstrated the influence of socio-economic factors (mother's and father's work) and season. A relevant period effect was also shown.
To control the possible compositional effects, we estimated separate Cox and piecewise constant exponential models for different periods. These analyses confirmed the effects of the socio-economic differences in infant mortality levels. We found that still in the first fourth decades of the twentieth century rural daily wagers experienced lower levels in infant survivor, whereas the upper class registered significantly higher ones. The socio-economic status effect was not significant for the other two periods (1900-1919 and 1920-1939) probably because of the more limited number of cases. These estimates did not confirm the effects of the mother rural status, but showed a higher risk of infant death when the father was not present. Although infant survivor levels significantly increased after World War II, the effects of the season were still evident in the latter period from 1920 to 1939 with a higher mortality risk in winter than in summer. We also found
